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ABSTRACT

Introduction Intensive lifestyle intervention (ILI) has
significantly reduced incidence of diabetes and improved
many cardiovascular disease risk factors. We evaluated
long-term effects of ILI on cardiometabolic risk factors, and
microvascular and macrovascular complications among
patients with diabetes in real-world clinical practice.
Research design and methods We evaluated 129
patients with diabetes and obesity enrolled in a 12-week
translational model of ILI. At 1 year, we divided participants
into group A, who maintained <7% weight loss (n=61,
47.7%), and group B, who maintained >7% weight loss
(n=67, 52.3%). We continued to follow them for 10 years.
Results The total cohort lost an average of 10.8+4.6 kg
(=9.7%) at 12 weeks and maintained an average weight
loss of 7.7+10 kg (—6.9%) at 10 years. Group A maintained
4.3+9.5 kg (—4.3%) and group B maintained 10.8+9.3

kg (—9.3%) of weight loss at 10 years (p<0.001 between
groups). In group A, A1c decreased from 7.5+1.3% to
6.7+0.9% at 12 weeks but rebounded to 7.7+1.4% at 1
year and 8.0+1.9% at 10 years. In group B, A1c decreased
from 7.4+1.2% to 6.4+0.9% at 12 weeks then increased
10 6.8+1.2% at 1 year and 7.3+1.5% at 10 years

(p<0.05 between groups). Maintenance of >7% weight
loss at 1 year was associated with a 68% lower risk of
developing nephropathy for up to 10 years compared with
maintenance of <7% weight loss (adjusted HR for group B:
0.32,95% Cl1 0.11, 0.9, p=0.007).

Conclusions Weight reduction in patients with diabetes
can be maintained for up to 10 years in real-world

clinical practice. Sustained weight loss is associated with
significantly lower A1c at 10 years and improvement

in lipid profile. Maintenance of >7% weight loss at 1

year is associated with decreased incidence of diabetic
nephropathy at 10 years.

INTRODUCTION
Diabetes prevalence has grown rapidly to be a
global public health issue.' * Diabetes-related
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Intensive lifestyle intervention (ILI) is known to im-
prove cardiometabolic, macrovascular and micro-
vascular risk factors in patients with diabetes and
obesity.

= Maintaining >7% weight loss after 1 year following
an initial 12-week ILI may predict the ability to sus-
tain long-term weight loss in patients with obesity
and diabetes.

WHAT THIS STUDY ADDS

= Significant weight reduction in patients with diabe-
tes and obesity can be maintained for up to 10 years
in real-world clinical practice.

= Maintenance of weight loss is associated with lower
incidence of developing diabetic nephropathy for up
to 10 years.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study may affect practice guidelines of diabetes
care and its complications as it highlights the impor-
tance of lifestyle modification in this population over
long periods of time.

= Our data support findings from the Action for Health
in Diabetes (Look AHEAD) study and validate the
benefits of lifestyle modification on renal outcomes
in real-world clinical practice.

burdens on
34

complications incur heavy
patients, families and healthcare systems.
The USA spentnearly $404 billion on diabetes,
pre-diabetes and gestational diabetes in 2017
accounting for almost $1240 per American.’
Lifestyle modification with diet and exercise
is cornerstone to the management of patients
with diabetes and overweight or obesity.’
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Cardiovascular and metabolic risk a

Previous studies demonstrated that lifestyle intervention
significantly reduced incidence of diabetes and improved
many cardiovascular disease (CVD) risk factors.” ' The
landmark Action for Health in Diabetes (Look AHEAD)
study demonstrated that weight loss through intensive
lifestyle intervention (ILI) initially modified many CVD
risk factors except for low-density lipoprotein cholesterol
(LDL-C); however, there was no association between
weight loss and reduction in rates of cardiovascular
events or mortality.” A more recent large nested control
study linked postbariatric surgery weight reduction in
patients with type 2 diabetes (T2D) to lower incidence
microvascular complications including neuropathy,
nephropathy, and retinopathy compared with usual
care.'" Moreover, there is evidence that transient periods
of improved glycemic control may confer benefits on
long-term incidence of microvascular and macrovascular
diseases despite recurrence of poor glycemic control.'*'?
These prolonged benefits of short-term glycemic control
were termed the ‘metabolic memory’ which may extend
to beyond 10 years."* We previously reported that ILI in
real-world clinical practice can lead to long-term bene-
fits in glycemia and lipidemia predicted by the ability to
achieve >7% weight loss at 1 year.'”® However, it is not
fully understood if significant weight loss after ILI can
be maintained beyond 5 years or influences the devel-
opment of diabetes-related microvascular and macro-
vascular complications, and whether this relationship is
independent of Alc worsening and/or weight regain.
In this longitudinal study of the same cohort, we evalu-
ated the 10-year follow-up outcomes of Alc, lipid profile,
blood pressure (BP), and microvascular complications in
response to whether participants lost or regained weight
at 1 year after ILI.

METHODS

The ILI program

A detailed description of the ILI program has been previ-
ously published." In brief, the Weight Achievement and
Intensive Treatment (Why WAIT) is a 12-week multidis-
ciplinary program for weight reduction and intensive
diabetes management designed and implemented at the
Joslin Diabetes Center in Boston, Massachusetts, since
September 2005. Participants in the Why WAIT program
were patients with body mass index (BMI) between 30
and 45 kg/m?* and with type 1 diabetes or T2D. Each
participant underwent a comprehensive evaluation by
the intervention team (diabetologist, registered dieti-
cian, clinical exercise physiologist, and psychologist or
social worker). Eligible patients were enrolled in groups
of 10-15 participants each.

Study subjects and design

In the 5-year outcomes study of this cohort previously
published by our group, we included detailed infor-
mation on study design.”” A total of 128 participants
(figure 1) were divided into group A, who maintained

<7% weight loss (n=61, 47.7%), and group B, who main-
tained >7% weightloss (n=67, 52.3%). We selected 1 year
as a starting point for group allocation to compare long-
term weight loss because weight rebound is common
directly after ILI. In this context, data at 1 year were
collected retrospectively; however, all analyses up to 10
years were performed on prospective data. Microvascular
and macrovascular outcomes were analyzed using retro-
spective data since those outcomes were not prespecified
in our initial analysis plan.

Cardiometabolic outcomes

Key cardiometabolic parameters were measured at base-
line, after 12 weeks of ILI, then routinely at patients’ clinic
visits over 10 years which occurred every 3-6 months.
Body weight was captured weekly during the intervention
then routinely during clinic visits over the following 10
years. Biochemical assessment was performed preopera-
tively or at annual clinic visits.

Microvascular and macrovascular complications

Data on nephropathy, retinopathy, and neuropathy
development were derived retrospectively from elec-
tronic medical records. Nephropathy diagnosis was
based on the definition of the Kidney Disease Improving
Global Outcomes 2012 guidelines for chronic kidney
disease (CKD) diagnosed by two separate measurements
of urinary albumin excretion >30 pg/mg more than 3
months apart, sustained glomerular filtration rate (GFR)
of less than 60 mL/min/1.73 m? for more than 3 months
and/or a urine albumin-creatinine ratio of 30 mg/g or
greater for more than 3 months.*” Microalbuminuria
was defined by a ratio between 30 and 300 pg/mg and
macroalbuminuria as >300 pg/mg. Urine measurements
of albumin/creatinine ratio were performed on a first-
morning-void midstream urine sample. Retinopathy was
defined based on International Classification of Diseases
Ninth Revision (ICD-9) diagnosis codes 362.0x (diabetic
retinopathy) and 250.5x (diabetes with ophthalmic
manifestations). Neuropathy was defined based on first
occurrence of ICD-9 diagnosis codes 250.6 (diabetes
with neurological manifestations) and 357.2 (polyneu-
ropathy in diabetes). Macrovascular disease was defined
based on ICD-9 diagnosis codes 414.00 (coronary artery
disease, unspecified), 412.00 (old myocardial infarction),
414.4 (coronary atherosclerosis due to calcified coronary
lesion), 414.9 (chronic ischemic heart disease), 429.20
(CVD, unspecified), 428.00 (congestive heart failure),
and 433.9 (peripheral vascular disease).

Study endpoints

Coprimary endpoints were changes in body weight and
Alc at 10 years. Secondary endpoints included changes
in lipid profile and BP at 10 years and incidence of
nephropathy, retinopathy, neuropathy, CVD, and periph-
eral vascular disease during the 10 years of follow-up. All
included variables were assessed at least every 6 months.
If data were missing, last data carried forward were used.
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2008

141 patients enrolled in the first 12 groups of the ILI
program between September 2005 and September

7 patients dropped out during

the 12-wk ILI program

134 patients completed the program

5 Patients underwent gastric
bypass surgery and were
excluded from analysis

N=129
(9 patients had type 1 diabetes)

Evaluation and group assignment at 1 yr

Group A Group B
n=61 maintained <7% weight loss at n=68 maintained >7% weight loss at
lyr lyr
1 patient died at 8 yrs and
________________ > was excluded from
\ analysis

Yearly evaluation for an additional 9 years
89 patients completed 10 yrs of follow-up
(70% retention rate)

Figure 1 Flow chart of participants during the 10-year follow-up after initial 12-week intensive lifestyle intervention (ILI) using
the Weight Achievement and Intensive Treatment (Why WAIT) model in clinical practice.

Statistical analysis

This study was designed on an intent-to-treat principle
and all available data were used for this analysis. There
was no evidence that missing data were dependent on the
study group. An unstructured covariance matrix was used
to account for correlation between repeated outcomes.
X* test, Fisher’s exact test and two-sample t-tests were used
to compare baseline characteristics and endpoints in the
two study groups. Incident rates of diabetic nephropathy,
retinopathy and neuropathy were calculated using the
STATA (ir) procedure. Cox proportional hazards models
were used to calculate HRs after dichotomizing the inci-
dence of diabetic nephropathy, retinopathy, and neurop-
athy at each time point over the 10-year follow-up. We
started with an unadjusted model. We then fitted a model
with terms for five candidate covariates (sex, age, diabetes
type, diabetes duration, and BMI) in addition to group
assignment. Given the established sex disparities associ-
ated with incidence of diabetic nephropathy, we fitted a
model with sex and group assignment only before fitting
a fully adjusted model with the four remaining covariates.
Data are expressed as mean (SD), mean (SEM) orn (%).
All analyses were performed using STATA Special Edition
V.15.0 for Windows (StataCorp, College Station, Texas,

USA, 2017). In all tests, p<0.05 was considered statisti-
cally significant.

RESULTS

Group A included 61 patients (47.7%) and group B
included 67 patients (52.3%) (figure 1). Both groups
were equally distributed within the 12-week ILI groups
conducted over 3 years. At baseline, there were no differ-
ences between the two groups in Alc, BP, lipid profile,
renal function (serum creatinine, blood urea nitrogen,
estimated GFR (eGFR) and urinary microalbumin/creat-
inine ratio) or prevalence of CKD, current smoking status,
or prevalence of macrovascular disease, nephropathy,
retinopathy, neuropathy, or two or more microvascular
complications. Group B had higher BMI compared with
group A (39.3+5.1 kg/m2 vs 37.3+5.2 kg/mQ) (table 1).

Cardiometabolic outcomes

The total cohortlostan average of 10.8+0.4 kg (-9.7+0.4%)
at 12 weeks and maintained an average weight loss of
7.7£0.9 kg (-6.9+0.8%) at 10 years (p<0.001 for both).
Group A maintained 4.3+1.2 kg (-4.3+1.17%) and group
B maintained 10.8+1 kg (-9.3£1.1%) of weight loss at 10
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Table 1 Baseline characteristics of the participants in the intensive lifestyle intervention

All participants Group A (n=61) Group B (n=67) P value
Age (years) 53.7+10.1 53.3+9.3 54.1+10.9 0.63
Female sex, n (%) 85 (66.4) 44 (72.1) 41 (61.2) 0.2
Duration of diabetes (years) 9.6+9.4 9.0+9.1 10.0+9.7 0.61
Body weight (kg) 110.3+19 104.8+16.9 115.4+19.7 0.0014
Body mass index (kg/m?) 38.4+5.2 37.3£5.2 39.4+5.1 0.025
HbA1c (%) 7.43+1.23 7.47+1.33 7.41£1.14 0.8
Systolic BP (mm Hg) 128.3+14.6 126.3+14.1 130.1+15 0.13
Diastolic BP (mm Hg) 75.7+8.1 75.6+8.7 76.0+7.5 0.77
Total cholesterol (mg/dL) 167+32 165+31 168+34 0.6
LDL-cholesterol (mg/dL) 99.5+30 97.1+28.1 101.5+31.1 0.4
HDL-cholesterol (mg/dL) 43.4+10 44.6+10.2 42.3+9.9 0.2
Triglycerides (mg/dL) 137.4+73.2 128.2+60.3 145.6+82.7 0.17
Serum creatinine (mg/dL) 0.92+0.19 0.91+0.19 0.92+0.18 0.82
Blood urea nitrogen (mg/dL) 17.4+5.5 16.9+4.8 17.8+5.9 0.37
Urinary microalbumin/creatinine ratio (ug/mg) 30.1+56.7 22.5+26.4 36.7+73.8 0.17
eGFR (mL/min/1.73 m? 83.6+25.4 83.6+24.6 83.5+26.2 0.97
Smoker, yes, n (%) 34 (26.6) 14 (23) 20 (29.9) 0.37
Macrovascular complications, n (%) 13 (10.2) 5(8.2) 8 (11.9) 0.49
Microvascular complications, n (%)
Nephropathy 35 (27.3) 13 (21.3) 22 (32.8) 0.14
Retinopathy 22 (17.2) 7 (11.5) 15 (22.4) 0.1
Neuropathy 16 (12.5) 7 (11.5) 9 (13.4) 0.73

Data are mean (SD) or n (%). Total group, N=128. Group A, n=61 (participants maintained <7% weight loss at 1 year). Group B,
n=67 (participants maintained >7% weight loss at 1 year). P value for between groups using Student’s t-test or Pearson’s y” test.
Macrovascular complications were defined based on ICD-9 codes (414.00, 412.00, 414.4, 414.9, 429.20, 428.00, and 433.9).

BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

years (p<0.001 between groups) (table 2 and figure 2).
In group A, Alc decreased from 7.5£1.3% to 6.7+0.9%
at 12 weeks but rebounded to 7.7+1.4% at 1 year and
8.0+1.9% at 10 years (table 2 and figure 2). In group B,
Alc decreased from 7.4+1.2% to 6.4+0.9% at 12 weeks
and increased to 6.8+1.2% at 1 year and 7.3+1.4% at 10
years (p<0.05 between groups) (table 2 and figure 2).
Despite weight regain, group A maintained significant
improvements in LDL-C and high-density lipoprotein
cholesterol, had no change in BP, but had significant
worsening of serum triglycerides (TG) at 10 years. Group
B maintained similar improvements in lipid profile and
had a non-significant increase in serum TG at 10 years.

Microvascular complications

Figure 3 shows incidence rates for each microvascular
complication (nephropathy, retinopathy, and neurop-
athy) during the 10-year follow-up. At 10-year follow-up,
there were 14 new cases of nephropathy in group A
compared with six cases in group B (3.58 vs 1.42 cases
per 100 person-years, respectively; HR for group B: 0.4,
95% CI 0.15, 1.06, p=0.066). When adjusting for male
sex, which was proportionally higher in group B versus
group A (table 1), the group effect reached statistical

significance (sex-adjusted HR for group B: 0.33, 95%
CI 0.12, 0.94, p=0.039). Moreover, in a model fitted with
terms for age, diabetes type, diabetes duration, BMI, plus
group assignment and sex, the group effect retained
independent significance (adjusted HR for group B:
0.32,95% CI 0.11, 0.9, p=0.007) (figure 3).

During the 10-year follow-up there were 21 new cases
of retinopathy in group A compared with 12 cases
in group B (4.69 and 2.65 cases per 100 person-years,
respectively; HR for group B: 0.57, 95% CI 0.27, 1.15,
p=0.11), whereas six new cases of neuropathy occurred
in group A compared with nine cases in group B (1.14
and 1.63 cases per 100 person-years, respectively; HR
for group B: 1.45, 95% CI 0.51, 4.08, p=0.47). In fully
adjusted models, the results for group effect were similar
to those in the unadjusted models for incidence of reti-
nopathy and neuropathy (figure 3), except for an effect
for diabetes duration on incidence of retinopathy (HR:
1.08, 95% CI 1.03, 1.13, p=0.003). There was no differ-
ence in cumulative incidence of cardiovascular and
peripheral vascular diseases between the two groups at
10 years.
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Time (Months)

05

Body weight loss (%)
%
Change in HbAlc (%)

16 15

Time (Months)
3 12 2 36 8 60 72 8 %6 108 120

——Group A

Al Participants

—=Group B

Figure 2 Change in (A) body weight and (B) A1c over 10 years in response to a 12-week intensive lifestyle intervention in real-
world clinical practice. Data are mean difference+SEM. All participants, N=128. Group A, n=61 (participants maintained <7%
weight loss at 1 year). Group B, n=67 (participants maintained >7% weight loss at 1 year). ***P<0.001 (group A vs group B).

Antidiabetic medications and insulin

During the 10-year follow-up period, the use of glucagon-
like peptide 1 (GLP-1) receptor agonist significantly
decreased in group A compared with group B (p=0.007).
There were no significant differences in the use of other
antidiabetic medications, short-acting or long-acting
insulin between groups (table 2).

DISCUSSION

Cardiometabolic outcomes

We evaluated the 10-year outcomes of cardiometabolic
risk factors and incidence of microvascular complications

Ay
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95%Cl: 0.11, 0.9
05 p=0.007
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Duration (Years)
—@—-Group A (n=48)
~e—Group B (n=45)
Figure 3

in patients with diabetes after participation in an initial
12-week ILI program in real-world clinical practice. To
date, our 5-year outcomes study reported the longest
period maintaining weight loss after ILI, with the results
of this study showing considerable weight loss in patients
with diabetes is maintainable for up to 10 years. Despite
the general assumption that weight loss is often diffi-
cult to maintain for patients with diabetes and obesity
compared with the general population, this study demon-
strated that participants were able to maintain an average
of 6.9% weight loss after 10 years of an initial 12-week
ILI program. Moreover, patients who lost and sustained

Bs
s
g 4
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5
2 3
[
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8 2 Adjusted HR: 0.68
i 95%Cl: 0.31, 1.48
g -
i | p=0.33
&
S

0

é\(\z > Vv D ™ 9 © A ® 9 N
&
Duration (Years)
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Py Duration (Years)
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(n=54) (n=58)

Incidence rate of (A) diabetic nephropathy, (B) diabetic retinopathy and (C) diabetic peripheral neuropathy in study

groups over 10 years. Group A maintained <7% weight loss at 1 year following the 12-week intensive lifestyle intervention,
meanwhile group B maintained >7% weight loss at 1 year following the 12-week intensive lifestyle intervention. Adjusted Cox
proportional hazards models included terms for five candidate covariates (sex, age, diabetes type, diabetes duration and body
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>7% weight loss at 1 year were more likely to maintain a
significant 9.3% weight loss after 10 years of follow-up.
Although Alc and TG worsened with weight regain,
sustained weight loss was associated with significantly
lower Alc at 10 years and improvement in lipid profile.
These results are consistent with our previous report of
the 5-year outcomes in the same cohort.'” The decrease
in GLP-1 receptor agonist use in group A participants is
not surprising since this group maintained a significant
weight loss even after the 10-year period so the need for
weight-lowering medications is reduced.

Microvascular outcomes

In our cohort, maintenance of >7% weight loss at 1
year was associated with a 68% lower risk of devel-
oping nephropathy for up to 10 years compared with
maintenance of <7% weight loss. This association was
strengthened after adjusting for sex. It is well estab-
lished that men are at a higher risk of developing
diabetic nephropathy compared with women.*' There-
fore, it is very possible that the numerically higher
proportion of men in group B versus group A might
have attenuated the group effect in the unadjusted
model. We have previously published that participants
in ILI sustained progressive improvement in serum
creatinine and eGFR in the same cohort over 5 years
irrespective of weight maintenance or weight regain.22
The study also showed that the improvement in eGFR
is independent of the improvement in systolic BP or
the improvement in glycemic control. We postulated
that the improvement in renal function is probably
related to the improvement in inflammation conse-
quent to weight reduction.” There was no significant
association between maintenance of >7% weight loss
at 1 year and incidence of retinopathy or peripheral
neuropathy in our cohort regardless of adjustment.
However, for each l-year increase in diabetes dura-
tion, there was an 8% increased risk of diabetic reti-
nopathy, independent of group assignment.

Various epidemiological studies have reported the
role of cardiometabolic risk factors in the develop-
ment and progression of diabetes complications.**
Poor glycemic control has been considered the major
risk factor for the development of microvascular and
macrovascular complications. Several large-scale clin-
ical trials demonstrated that intensive use of antihy-
perglycemic medications could reduce the incidence
of microvascular and macrovascular complications
in patients with either type 1 diabetes or T2D.'**! *
Moreover, prolonged tight metabolic control during
early periods of diabetes (within 5 years of diagnosis)
leads to sustained beneficial effects on latter inci-
dence of microvascular and macrovascular complica-
tions."**'** In our study, we found that even in patients
with an average diabetes duration of 10£9.7 years at
baseline, metabolic memory after short periods of
ILI might extend for up to 10 years according to the
observed reduced incidence of diabetic nephropathy.

Our results are consistent with findings from a
secondary analysis of the Look AHEAD study which
found that the ILI group had significantly lower inci-
dence rates of nephropathy after a median follow-up
of 8 years compared with a diabetes support and
education group (HR for ILI: 0.69, 95% CI 0.55 to
0.87, p=0.0016).”” Our findings may be explained by
an extended metabolic memory for up to 10 years
associated with sustained weight loss. We did not
observe any significant differences in the incidence
of retinopathy or neuropathy in our groups; however,
there was an 8% increased risk of retinopathy with
each l-year increase in diabetes duration, irrespec-
tive of group assignment. Although it has been tradi-
tionally believed that CKD slowly progresses over
years since diabetes diagnosis and that very limited
tools are currently available in slowing or preventing
deterioration of kidney function, this study provides
preliminary data that ILI, even for short periods of
time, may have a significant impact on preserving
kidney function.

This study has several limitations. First, the lack of
a control group that followed standard of diabetes
care and support as used in the Look AHEAD study.®
However, the primary purpose of this study is to
compare those who sustained weight loss versus those
who regained weight, which did not exist in the Look
AHEAD analysis. Second, this study was conducted
at a single tertiary care center and had a relatively
small number of participants that did not allow for
survival analysis. Furthermore, this ILI program
requires considerable time commitments and finan-
cial resources from participants, which may limit the
generalizability of these results. Another limitation
would be the fact that these data were collected in
pre-sodium-glucose cotransporter-2 (SGLT-2) inhibi-
tors era. Thus, it would not be possible to tell if our
results can hold nowadays with the wide use of SGLT-2.
Meanwhile, use of GLP-1 receptor agonist signifi-
cantly decreased in group A compared with group B
and might have contributed to weight regain in that
group. Moreover, there is increased evidence that the
use of GLP-1 receptor agonists for long periods may be
associated with decreased incidence of cardiovascular
and microvascular complications.”® *” Even though it
was not widely used in our cohort, the use of GLP-1
receptor agonist might have confounded our results.
Finally, data used to define diabetic nephropathy,
retinopathy, and neuropathy were collected retro-
spectively from electronic health records, so missing
data might have led to misclassification of microvas-
cular and macrovascular complications.

In conclusion, we found that significant weight reduc-
tion in patients with diabetes can be maintained for up to
10 years in real-world clinical practice. Alc and TG wors-
ened with weight regain, while other lipid improvements
were maintained. Sustained weight loss is associated with
significantly improved Alc at 10 years. Maintenance of
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>7% weight loss is significantly associated with decreased
incidence of nephropathy, independent of Alc wors-
ening and weight regain. There were no associations
between sustained weight loss and incidences of retinop-
athy or neuropathy. Larger prospective and randomized
clinical studies with longer follow-up periods are needed
to confirm our observations.
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